INTRODUCTION
============

Elimination disorder consists of enuresis and encopresis. Both conditions are very distressful to children and their family members. Enuresis involves repeated voiding of urine onto clothes or bedclothes that persists beyond the normative age of maturation of urinary control. Encopresis is involuntary fecal soiling in children who have already been toilet trained. The prevalence estimates of enuresis[@B1]-[@B16] and encopresis[@B15],[@B17]-[@B19] are highly variable, with a range of 3.8%[@B3] to 24%[@B6] for enuresis and 0.1%[@B15] to 3%[@B19] for encopresis.

The disparate estimates can be accounted for primarily by differences in enuresis definitions found in the International Classification of Diseases and Related Health Problems-10th Edition (ICD-10),[@B20] the Diagnostic and Statistical Manual of Mental Disorders, 3rd Edition (DSM-III),[@B21] the Diagnostic and Statistical Manual of Mental Disorders, 4th Edition (DSM-IV),[@B22] and the International Children\'s Continence Society (ICCS).[@B23] The DSM-III and ICD-10 require a bed-wetting frequency of twice per month in the past 3 months for children ages 5 and 6 years, and once per month in the past 3 months for children ages 7 years or older; the DSM-IV requires a bed-wetting frequency of twice per week for 3 consecutive months or the presence of clinically significant distress or impairment, irrespective of the age of the child. According to the ICSS, enuresis or (intermittent) nocturnal incontinence is defined as at least one wet night per month. Higher rates of enuresis were observed in population-based epidemiological studies that applied the less stringent DSM-III criteria,[@B4],[@B5] ICD-10 criteria,[@B12],[@B15] or ICSS definition.[@B6],[@B13] In addition to different diagnostic criteria, differences in the age range and ethnicity of children and cultural differences may also explain the varying prevalence estimates of enuresis across different studies.

Until now, there have been few enuresis and encopresis prevalence studies based on DSM-IV criteria. Two US studies yielded a prevalence rate of 3.8%[@B16] and 4.5%[@B10] for DSM-IV-defined enuresis. In Asian countries, there are no enuresis and encopresis prevalence studies using structured clinical interviews or formal DSM-IV diagnostic criteria, although there are a few prevalence studies using parental questionnaires for enuresis.[@B8],[@B9],[@B12],[@B13],[@B24]

Previous studies have demonstrated a significantly increased prevalence of ADHD in children with enuresis.[@B4],[@B9],[@B10],[@B25]-[@B27] The comorbid ADHD rate of children with enuresis in a primary or secondary care setting was 10.3%, and those in a specialized tertiary care setting was 28.3%.[@B25] This high co-occurrence of enuresis and ADHD could be due to a common neurobiological pathology underlying these two conditions (e.g., delays in central nervous system maturation),[@B28] common environmental factors (e.g., parental attitudes about toilet training and discipline),[@B9] or casual relations in which bed-wetting-related psychosocial stress increases the risk for behavioral problems such as ADHD.[@B29] The last two hypotheses suggest that other disruptive-behavior disorders (DBDs), such as oppositional defiant disorder (ODD) and conduct disorder (CD), also might be increased in children with enuresis. We are unaware of any studies examining the association between enuresis and ODD/CD or ADHD using structured diagnostic criteria, although there are a few studies using parental questionnaires for children\'s psychological problems.[@B30],[@B31]

This study was conducted to investigate the prevalence of elimination disorders and its association with ADHD and other disruptive-behavior disorders in a representative survey of children in Seoul, the capital city of South Korea, using the Diagnostic Interview Schedule for Children, version 4 (DISC-IV).[@B32]

METHODS
=======

Participants
------------

This study was part of the 2005 Seoul Child and Adolescent Mental Health Survey.[@B33] Seoul is the capital of South Korea and the largest and most populous city in the country, with 0.7 million school-aged children. One-fourth of the inhabitants of Korea live in Seoul, and the inhabitants of Seoul vary according to social and economic status. In this survey, Seoul was divided into six school districts based on social and economic status. One elementary school was randomly selected from each school district, and 10 classes were randomly selected from each school. From 2,493 eligible children, parents of 1,645 students completed the DISC-IV[@B32] (total response rate=66.0%). There were no significant differences between the samples of this study and the whole population of Seoul regarding age (t=0.26, df=1, p=0.796) or gender (χ^2^=0.01, df=1, p=0.920). No significant demographic differences were found between responders and non-responders (age, t=0.48, df=1, p=0.717; gender, v2=0.02, df=1, p=0.888). The survey was performed from September to December 2005. All six selected schools agreed to participate in the study, and the Institutional Review Board of the Seoul National University Hospital and the Seoul School Health Promotion Center approved this study. The teachers had sent letters to the parents indicating the objective of the study, a guarantee of confidentiality, and a contact telephone number and an email address of the principal investigator for any questions and concerns. Parents who accept to participate were invited to the school and contacted with interviewers. The interviewers were educated lay volunteers, all of whom previously been educated in the practice of the DISC-IV by skilled psychiatrists, and had received constant quality control monitoring by psychiatrists from the Department of Child and Adolescent Psychiatry at the Seoul National University Hospital. Written informed consent was obtained from parents before each interview. The child\'s biological mother was the informant in 94.9% of the cases.

Measures
--------

Psychiatric disorders according to the DSM-IV were assessed using the Korean version of the DISC-IV. Interviews were organized into six diagnostic sections: anxiety disorders, mood disorders, disruptive-behavior disorders, substance-use disorders, schizophrenia, and miscellaneous disorders (eating, elimination and tic disorders, pica, and trichotillomania). The DISC-IV addresses six domains in which impairment might be present: 1) getting along with parents/caretakers; 2) participating in family activities; 3) participating in peer activities; 4) academic/occupational functioning; 5) relationships with teachers/bosses; and 6) distress attributable to symptoms. The severity of each domain was evaluated as mild, intermediate or severe. Among the six domains, the cases that showed at least two intermediate or at least one severe impairments were defined as impaired. In this study, the DISC-IV scoring algorithms were derived based on data from parents for ascertaining the presence of a diagnosis. The reliability and validity of the Korean version of the DISC-IV were previously determined.[@B32]

Definitions of enuresis and encopresis
--------------------------------------

The DISC-IV elimination disorders module collected information on the symptoms, frequency, age of onset, and impairment associated with nocturnal enuresis, diurnal enuresis, and encopresis within the past 30 days, the past 12 months, and lifetime. This study focused on the 12-month prevalence of enuresis and encopresis. To acquire a diagnosis of enuresis in this study, the child had to fulfill the following criteria: repeated voiding of urine onto bed or clothes, whether involuntary or intentional; the behavior was deemed clinically significant as manifested by either a frequency of twice per week for at least 3 consecutive months or the presence of clinically significant distress or impairment in social, academic, or other important areas of functioning; chronological age was at least 5 years; and the behavior was not due exclusively to the direct physiological effect of a substance (e.g., a diuretic) or a general medical condition (e.g., diabetes, spina bifida, a seizure disorder). To acquire an encopresis diagnosis in this study, the child had to fulfill the following criteria: repeated passage of feces onto inappropriate places (e.g., clothing or floor), whether involuntary or intentional; at least one such event a month for at least 3 months; chronological age of at least 4 years; and the behavior not exclusively due to the direct physiological effect of a substance (e.g., laxatives) or a general medical condition, except through a mechanism involving constipation.

Definitions of full syndrome and subthreshold DBDs
--------------------------------------------------

For the diagnostic assessment of DBDs, we assessed both full syndrome DBDs (all DSM-IV criteria met) and subthreshold DBDs. We made subthreshold diagnoses by including subthreshold symptoms that caused functional impairment but did not reach the DSM-IV threshold level (at least six of the nine inattentive and/or hyperactive/impulsive symptoms, four of the eight oppositional defiant behaviors, and three of the 15 conduct behavors). Any DBDs included both full syndrome DBD and subthreshold DBD.

Specifically, subthreshold ADHD was operationally defined as the presence of at least three, but not more than five, inattentive and/or hyperactive/impulsive symptoms, provided some impairment from the symptoms was present in two or more settings. A child must have also met the DSM-IV ADHD age-of-onset and impairment criteria to be diagnosed with subthreshold ADHD. Subthreshold ODD was operationally defined as the presence of two or three oppositional defiant behaviors that resulted in clinically significant functional impairment. A child must also have met the DSM-IV ODD exclusion criteria for a psychotic, mood, or conduct disorder to be diagnosed with subthreshold ODD. Subthreshold CD was operationally defined as the presence of two con duct behaviors that resulted in clinically significant functional impairment.

We used these subthreshold diagnoses for two reasons. First, we wanted to determine whether comorbidity with enuresis was increased only in clinical-level DBDs or also in less severe subthreshold DBDs. Second, the CD prevalence rates that met all DSM-IV criteria were expected to be too low to obtain adequate statistical power in these ages.

Statistical analysis
--------------------

Descriptive statistics on the 12-month prevalence of enuresis are given for the sample overall and across demographic groups. Logistic regression was performed to assess the association of demographic factors with enuresis, encopresis, and elimination disorders. To investigate the association between enuresis and DBDs, the ORs and 95% confidence intervals were derived from a second set of logistic regression models using the presence of ADHD, ODD, and CD as the main out-come variables and the presence of enuresis as the principal predictor, after adjustment for sex, age, and family income. CBCL scores were compared between children with and without enuresis using an independent t-test. All statistical analyses were performed using SPSS (version 19.0; SPSS, Inc., Chicago, IL, USA), with statistical significance defined as an alpha level \<0.05.

RESULTS
=======

The prevalence of enuresis among the 1,645 children administered the complete DISC-IV in the 2005 Seoul Child and Adolescent Mental Health Survey is displayed in [Table 1](#T1){ref-type="table"}. The overall 12-month prevalence of any elimination disorder was 2.2% (1.5-3.0%). The prevalence of enuresis and encopresis was 1.8% (1.1-2.4%) and 0.6% (0.2-1.0%), respectively. There were no children with DSM-IV-defined diurnal enuresis; therefore, the term \"enuresis\" in this study is synonymous with \"nocturnal enuresis\". The prevalence of enuresis and encopresis in boys was significantly greater than that in girls (OR 2.4, 95% CI 1.0-5.5 and OR 8.2, 95% CI 1.0-65.0, respectively). Enuresis and encopresis were most common in children 7 to 9 years of age. Children 7 years of age and children 9 years of age were significantly more likely to be diagnosed with enuresis compared with those 11 or 12 years old (OR 12.2, 95% CI 1.6-100.2 and OR 11.2, 95% CI 1.4-90.8, respectively).

The 12-month ADHD prevalence in this sample was 5.9%. Analysis of comorbidity patterns showed that children with nocturnal enuresis had 2.6 times increased odds (95% CI 1.0-6.9) of having full-syndrome ADHD compared with those without nocturnal enuresis, after adjustment for sex and age. There was no association between subthreshold ADHD and nocturnal enuresis. The 12-month prevalence of ODD was 4.9%; there was no association between nocturnal enuresis and full-syndrome, subthreshold, or any ODD. The 12-month CD prevalence was 0.4%. Nocturnal enuresis was significantly associated with subthreshold CD (OR 8.6, 95% CI 1.7-44.8) ([Table 2](#T2){ref-type="table"}). We also examined associations between encopresis and DBD, but the numbers were too small for meaningful analysis.

DISCUSSION
==========

This is the first nationally representative estimate of enuresis prevalence in an Asian country based on standardized diagnostic interviews. We found that 1.8% of Korean children ages 6 to 12 years in this sample have enuresis, and 0.6% of them have encopresis. In addition to replicating an association between enuresis and ADHD from previous studies,[@B4],[@B9],[@B10],[@B25]-[@B27] we showed an association between enuresis and CD sympto ms, but no association between enuresis and ODD symptoms.

The established enuresis prevalence rate in this study (1.8%) is much lower than that reported in previous two Korean studies, which showed prevalence rates of 5.6%[@B24] and 9.4%.[@B8] These discrepancies may be a result of differences between this study and previous studies in data collection methods and in the definition of nocturnal enuresis. We used structured clinical interviews and formal DSM-IV diagnostic criteria that required a bed-wetting frequency of twice per week for 3 consecutive months or the presence of clinically significant distress or impairment; previous studies used parent-rated questionnaires and much less stringent definitions (e.g, a bed-wetting episode occuring at least monthly). When Lee et al.[@B8] defined bed-wetting occuring at least weekly as nocturnal enuresis, the prevalence rates in their study decreased from 9.4% to 1.6%, which is comparable to our findings.

Consistent with previous population-based studies,[@B1],[@B3],[@B6],[@B8]-[@B10],[@B12],[@B19] we found a higher prevalence of enuresis and encopresis in boys than in girls and maximum prevalence at age 7-9 years, followed by a decline by 12 years of age. Contrary to previous clinical studies,[@B34] but consistent with previous epidemiological studies,[@B10] socioeconomic status was not associated with enuresis in the current study.

The association between enuresis and ADHD confirms the findings of previous clinical studies[@B25],[@B26] and population-based studies[@B4],[@B9],[@B10] in a large nationally representative sample. Previous research suggested that both enuresis and ADHD are related to delays in central nervous system maturation.[@B5] Furthermore, a centrally located ADHD-inattentive dysfunction exerts a negative effect on arousability and brainstem signaling in enuresis.[@B35],[@B36] However, the results of a family study suggest that ADHD and enuresis are etiologically independent.[@B37] Other researchers suggested that increased behavioral symptoms reflect coping behavior for dealing with the emotional and social burden of enuresis.[@B9],[@B29],[@B38] Furthermore, parental attitudes about toilet training and discipline may be potential factors related to development of both enuresis and behavioral problems.[@B9],[@B39] We could not address the explantions for these association directly, but attempted to determine which hypothesis is most plausible through investigation of the association between enuresis and subthreshold ADHD, ODD, and CD as well as full syndrome ADHD.

Contrary to full-syndrome ADHD, ODD and subthreshold ADHD were not associated with nocturnal enuresis. These results suggest that high ADHD prevalence in children with nocturnal enuresis reflects a common neurobiological pathology rather than merely a coping response to enuresis-related psychosocial stress or common parenting factors because development of ODD and subthreshold ADHD is more affected by stress, conflict, and parenting than is development of clinical-level ADHD, which has a clear neurobiological pathologenesis.[@B40],[@B41] In contrast to ODD, subthreshold CD and any CD were significantly associated with nocturnal enuresis, although analysis of full-syndrome CD was not possible due to the low number of CD children (n=7). CD is considered a more severe form of ODD,[@B42] although many children with ODD do not go on to develop CD,[@B43] and is reported to have a neurodevelopmental basis such as low cortisol level and abnormal neurocognitive function.[@B44],[@B45] In summary, a significant association of enuresis with CD and full syndrome ADHD, along with the absence of any association with ODD or subthreshold ADHD, indicates that nocturnal enuresis is associated with more severe forms of DBD and may share a common neurobiological pathology with these disorders. However, it should be noted that there were no children with diurnal enuresis in this study; therefore association between diurnal enuresis and DBDs may differ from above findings. Previous studies indicated that children with daytime wetting or combined (day and night) wetting had a higher rate of parent-reported oppositional behavior as well as attention and conduct problems.[@B30],[@B31]

There are several limitations of this study. First, the diagnosis of enuresis was not validated by medical evaluation. The diagnosis of DSM-IV enuresis requires exclusion of medical conditions that may contribute to bed wetting. As with most epidemiological studies, medical evaluation was not part of the diagnostic assessment in the current study. Second, the work was cross-sectional in design, making it impossible to identify a causal relationship between enuresis and DBDs. Third, there were only a small number of children with encopresis in our study population, and this reduced the statistical power to detect statistically significant demographic correlates or comorbidity of the disorder. Additionally, the number of children with full-syndrome CD was also too small for meaningful analysis, possibly because the mean age of the study population (8.95±1.71 years, age range: 6-12) was much lower than the average age of CD onset (10-12 years of age for boys and 14-16 years of age for girls). Finally, this study was done only in capital city, Seoul. Therefore, further longitudinal research in a national representative sample is needed.

Overall, nocturnal enuresis is a relatively common condition among children in Korea and is significantly associated with ADHD and CD. Children with enuresis have more academic difficulty and externalizing problems compared with children without it. These findings suggest that children being assessed for enuresis should also be evaluated for the presence of ADHD and CD and other academic and behavioral difficulties.
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^\*^AOR (95% CI): adjusted odds ratio and 95% confidence interval from model controlling for age, sex, and family income, ^†^two children had both enuresis and encopresis
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Association between elimination disorder and disruptive-behavior disorder
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^\*^AOR (95% CI): adjusted odds ratio and 95% confidence interval from model controlling for sex, age, and family income. ADHD: attention deficit/hyperactivity disorder, ODD: oppositional defiant disorder, CD: conduct disorder, AOR: adjusted odds ratio
